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(57) Abstract: A system for measuring a glucose level in a blood sample includes a 
test strip (10) and a meter. The test strip (10) includes a sample chamber, a working 
electrode (22), a counter electrode (24), fill-detect electrodes (28, 30). and an auto-on 
conductor (48). A reagent layer is disposed in the sample chamber. The auto-on con- 
ductor (48) causes the meter to wake up and perform a test strip sequence when the test 
strip (10) is inserted in the meter. The meter uses the woridng and counter electrodes 
(22. 24) to initially detect the blood sample in die sample chamber and uses the fill-de- 
tect electrodes (28. 30) to check that the blood sample has inixed with the reagent layer. 
The meter ^pUes an assay voltage between the woridng and counter electrodes (22, 
24) and measures the resulting current The meter calculates the glucose level based 
on the measured current and calibration data saved in memory from a removable data 
storage device associated with the test sbrip (10). 
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SYSTEMS AND METHODS FOR BLOOD GLUCOSE SENSING 

CROSS-REFERENC3E TO RELATED APPLICATIONS 
This application claims the benefit of U.S. Provisional Patent Application Serial 
No. 60/375,017, filed April 25, 2002, U.S. Provisional Patent Ajpplication Serial No. 
60/375,019, filed April 25, 2002, U.S. Provisional Patent Application Serial No. 
60/375,020, filed April 25, 2002, and U.S. Provisional Patent Application Serial No. 
60/375,054, filed April 25, 2002, all of which are fiilly incorporated herein by reference. 
This application is also a continuation-in-part of U.S. Application Saial No. 10/286,648, 
filed November 1, 2002, which is fully incorporated herein by reference. 

BACKGROUND 

1. Field of the Invention 

The present invention relates to electrochemical sensors and, more particularly, to 
systems and methods for sensing blood glucose levels electrochemically. 

2. Description of Related Art 

Many people, such as diabetics, have a need to monitor their blood glucose levels 
on a daily basis. A number of systems that allow people to conveniently monitor their 
blood glucose levels are available. Such systems typically include a test strip where the 
user s^lies a bipod sample and a meter that "reads" the test strq> to determine the 
glucose level in the blood sample. 

Among the various tedmologies available for measuring blood glucose levels, 
electrochemical technologies are particularly desirable because only a very small blood 
sample may be needed to perform the measurement. In electrochemical-based systems. 
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fhe test strip typically includes a sample chamber that contains reagents, such as glucose 
oxidase and a mediator, and electrodes. When the user applies a blood sample to "Qie 
sample chamber, the reagents react with the glucose, and the meter applies a voltage to 
the electrodes to cause a redox reaction. The meter measures the resulting current and 
calculates the glucose level based on the current. 

It should be emphasized that accurate measurements of blood glucose levels may 
be critical to the long-term health of many users. As a result, there is a need for a high 
level of reUability in the meters and test strips used to measure blood glucose levels. 
However, as sample sizes become smaller, the dimensions of the sample chamber and 
electrodes in the test strip also become smaller. This, in turn, may make test strips 
become more sensitive to smaller manufacturing defects and to damage from subsequent 
handling. 

Accordingly, there is a need to provide blood glucose measuring systems and 
methods vidth features for measuring blood glucose levels conveniently and reliably. 

SUMMARY 

In a first principal aspect, the present invention provides a test strip fpr testing a 
blood sample. The test strip comprises a sample chamber for the blood sample, at least 
foiu: electrodes for measuring at least one electrical characteristic of the blood sample in 
the sample chamber, a plurality of electrical contacts electrically connected to the at least 
four electrodes, and at least one auto-on electrical contact electrically isolated firom the at 
least foiur electrodes. The at least four electrodes include a working electrode, a counter 
electrode, a fill-detect anode, and a fill-detect cathode. 

In a second principal aspect, the present invention provides a method of making a 
plurality of test strips. In accordance wifli die method^ a plurality of test strip structures 
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are fonned on one sheet, and the test strip structures are separated into test strips. Each of 
the test strip structures mcludes a sample chamber, a plurality of electrodes (including a 
working electrode, a comiter electrode, a fill-detect anode, and a fill-detect catiiode), a 
plurality of electrical contacts electrically connected to die electrodes, and at least one 
5 auto-on electrical contact electrically isolated from flie plurality of electrodes. 

In a third principal aspect, the present invention provides a method of using a test 
strip to test a blood sample. The test strip includes a sample chamber, a working 
electrode, a counter electrode, a pair of fill-detect electrodes, and an auto-on conductor. 
In accordance with the method, the test strip is inserted into a meter that is m a sleep 
10 mode. The meter detects an auto-on current through the auto-on conductor and 
responsively enters an active mode. The blood sample is applied to the sample chamber. 
The meter detects the blood sample in the sample chamber by applying a fill-detect 
voltage between the fill-detect electrodes and measuring a fill-detect current flowing 
between the fili-detect electrodes. The meter applies an assay voltage between the 
15 working and counter electrodes and makes at least one measurement of the resulting 
current The meter determines a test result fiom the at least one current measurement 

In a fourth principal aspect, the present invention provides a method of strip 
identification. A strip that includes an auto-on conductor is inserted into a meter that is in 
a sleep mode, the meter detects the strip by detecting a current flow through the auto-on 
20 conductor, and responsively enters an active mode. The meter measures a voltage drop 
across the auto-on conductor and identifies the strip as either a test strip or a check strip 
based on the voltage drop. If the strip is a test strip, the meter performs a test strip 
sequence. If the strip is a check strip, the meter performs a check strip sequence. 

In a fifth principal aspect, die present invration provides a removable data storage 
25 device for a meter that uses test strips to measures glucose levels in blood sanq)les. The 
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removable data storage device comprises a carrier, a circuit board mounted to the carrier, 
and a memory mounted to the circuit board. The carrier has a proximal end and a distal 
end and is keyed for inserting the distal end into the meter in a preferred orientation. The 
circuit board includes a plurality of electrical contacts for electrically connecting to the 
5 meter. The plurality of electrical contacts includes a ground contact and a voltage supply 
contact. The ground contact extends closer to the distal end than the voltage supply 
contact. The memory stores data for use by the meter, including calibration coefficients 
for a plurality of test strips. The memory is electrically coraiected to the plurality of 
electrical contacts on the circuit board. When the removable data storage device is 
10 inserted into the meter in the preferred orientation, the ground contact becomes 
electrically connected to the meter before the voltage supply contact. 

In a sixth principal aspect, the present invention provides a meter for use in 
combination with a test strip. The test strip includes a working electrode, a. counter 
electrode, a pair of fill-detect electrodes, and an auto-on conductor. The meter comprises 
15 a strip comiector for receiving the test strip, a processor, a memory, a plurality of machine 
instructions stored in the memory and executable by the processor for peaforming a test 
strip sequence, and a data acquisition system controlled by the processor. When the test 
strip is inserted m the strip connector, the data acquisition system applies at least a first 
voltage between the working and counter electrodes and measures any resulting curreiit 
20 flowmg between the working and counter electrodes, ^plies at least a second voltage 
between the fill-detect electrodes and measures any resulting cuirOTt flowing between the 
fill-detect electrodes, and measures a voltage drop across flie auto-on conductor. The data 
acquisition system includes at least one digital-to-analog converter and at least one 
analog-to-digital converter, 

25 
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TOTF.F DES CREPTION OF THE DRAWINGS 
Figure 1 is a top plan view of a test strip, in accordance with a first exenq)lary 
embodiment of the present invention. 

Figure 2 is a top plan view of flie test strip of Figure 1, with the cover, adhesive 
5 layer, and reagent layer cut away, m accordance with a first exenrplary embodunent of the 
present invaition. 

Figure 3 is a cross-sectional view of the test strip of Figure 1, taken along line 3 — 
3, in accordance with a first exemplary embodiment of the present invention 

Figure 4 is a top plan view of a test strip, in accordance with a second exemplary 
10 embodiment ofthe present invention. 

Figure 5 is a top plan view of a test strip, in accordance with a tiiird exemplary 
embodiment of the present invention. 

Figure 6 is a top schematic view of an array of test strip structures, which may be 
separated into a plurality of test strips of tiie type shown in Figures 1-3, m accordance 
15 with an exOTiplary embodiment ofthe present invention. 

Figure 7 is top plan view of an intermediate stage in the formation of one of the 
test strip structures of Figure 6, in accordance with an exemplary embodiment of the 
present invention. 

Figure 8 is top plan view of an mtermediate stage in the formation of one of the 
20 test strip structures of Figure 6, in accordance with an exemplary embodiment of the 
present invention. 

Figure 9 is top plan view of an intermediate stage in the formation of one of the 
test strip structures of Figure 6, in accordance with an exemplary embodiment of the 
present invention. 
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Figure 10 is top plan view of an intennediate stage in the formation of one of the 
test strip stmctijres of Figwre 6. in accordance with an exemplary embodiment of the 
present invention. 

Figure 11 is top plan view of one of the test strip structures of Figure 6, in 
5 accordance with an exemplary embodiment of the present invention. 

Figure 12 is a perspective view of a meter, in accordance with an exemplary 
embodiment of the present invention. 

Figure 13 is a perspective view of the met^ of Figure 12, with a removable data 
storage device inserted in it, in accordance with an exemplary embodiment of the present 
10 invention. 

Figure 14 is a perspective view of a strip connector in ihe meter of Figure 12, in 
accordance with an exemplary embodiment of the present invention. 

Figure 15 is an exploded perspective view of the removable data storage device of 
Figure 13, in accordance with an exemplary embodiment of the present invention. 
15 * Figure 16 is a flow chart illustrating a method of using a test strip or a check strip, 

in accordance with en exemplary embodimoit of the present invention. 

Figure 17 is a flow chart illustrating a method of using a check strip, in 
accordance with an exemplary embodiment of the present invention. 

Figure 18 is a flow chart illustrating a method of using a test strip, in accordance 
20 with an exemplary embodiment of the present invention. 

Figure 19 is a flow chart illustrating a method of using a test strip, in accordance 
with an exemplary embodiment of the present invention. 

Figure 20 is a simplified schematic diagram of the electronics of the meter of 
Figure 12, in accordance with an exemplary embodiment of the present invention. 



6 



wo 03/091717 PCT/US03/12899 
Figure 21 is a simpKfied schematic diagram of flbe electrical connections between 
tiie meter of Figure 12 and the electrodes of the test strip of Figure 1, in accordance with 
an exemplary embodiment of the present invention. 

Figure 22 is a simplified schematic diagram of the electrical connections between 
the meter of Figure 12 and the auto-on conductor of tiie test strip of Figure 1, m 
accordance with an exemplary embodiment of the present invention. 

nFT An.RD DESCRIPTION OF THE PREFERRED EM BODIMENTS 
In accordance with a preferred embodhnent, a system for measuring a glucose 
levelin ablood sample includes a test strip and ameter. The system may also include a 
removable data storage device associated with a lot of test strips. The removable data 
storage device stores data for use by ttie meter, such as cahbration coeflBcients for test 
strips firom that lot. The system may also include a check strip that the user may insert 
into the meter to check that the meter is functioning properly. 

The test strip includes a sample chamber for receiving the blood sample. The 
sample chamber has a first opening in the proxfanal end of the test strip and a second 
opemng for voting the sample chamber. The sample chamber may be dimensioned so as 
to be able to draw the blood sample in through the first opening, and to hold tiie blood 
sample in tiie sample chamber, by capillary action. The test strip may mclude a tapped 
section that is narrowest at the proximal end, in order to make it easier for flie user to 
locate the first opening and ^ply the blood sample. 

A working electrode, a counter electrode, a fiill-detect electrode, and a fill-detect 
anode are disposed in the sample chamber. A reagent layer is disposed m the sample 
diamber and preferably covers at least the worfcmg electrode. The reagent layer may 
include an enzyme, such as glucose oxidase, and a mediator, such as potassium 
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fenicyanide; The test strip has, near its distal end, a pluraKty of electrical contacts that 
arc electrically connected to the electrodes \ia conductivs tnices. The test strip also has 
near its distal end an auto-on conductor, which may be electrically isolated from the 
electrodes. 

The meter may be battery powered and may stay in a low-power sleep mode when 
not in use in order to save power. When the test strip is inserted into the meter, the 
electrical contacts on flxe test strip contact corresponding electrical contacts in the meter. 
In addition, the auto-on conductor bridges a pair of electrical contacts m the meter, 
causing a current to flow through the auto-on conductor. The current flow through the 
auto-on conductor causes the meter to wake up and enter an active mode. The meter also 
measures the voltage drop across the auto-on conductor and identifies the insCTted strip as 
either a test strip or a check strip based on the voltage drop* If the meter detects a check 
strip, it perfomis a check strip sequence. If the meter detects a test strip, it performs a test 
strip sequence. 

Ih the test strip sequence, the meter validates the working electrode, counter 
electrode, and fill-detect electrodes by confirming that there are no low-inq)edance paths 
between any of these electrodes. If the electrodes are vaUd, the meter indicates to the user 
that sample may be applied to the test strip. The meter then applies a drop-detect voltage 
between the working and counter electrodes and detects the blood sanq)le by detecting a 
current flow between the Woikuig and counter electrodes (i.e., a current flow throu^ the 
blood sample as it bridges the working and counter electrodes). To detect that adequate 
sample is present in flie sample chamber and that the blood sample has traversed the 
reagent lajrer and mixed with the chemical constituents in the reagent layer^ the meter 
applies a fill-detect voltage between the fill-detect electrodes and measures any resulting 
current flowing between the fiU-detect electrodes. If this resulting current reaches a 
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suffident level within a predetennined period of time, the meter indicates to iEhe user that 
adequate sample is present and has mixed with the reagent layer. 

The meter waits for an mcubation period of time after initially detecting the blood 
sample, to allow the blood sample to react with the reagent layer. Then, during a 
. 5 measur^ent period, the meter applies an assay voltage between the working and counter 
electrodes and takes one or more measurements of the resultmg current flowing between 
the workmg and counter electrodes. The assay voltage is near the redox potential of the 
chemistry in the reagent layer, and the resulting cuirent is related to the glucose level in 
the blood sample. The meter calculates the glucose level based on the measured cuirent 
10 and on cahT^ration data that the meter previously downloaded fix>m the removable data 
storage device associated with the test strip and stored in the mete's memory. The meter 
then displays the calculated glucose level to the user. 
1. Test strip configuration 

With reference to the drawings, Figures 1, 2, and 3 show a test strip 10, in 
15 accordance with an exemplary embodiment of the present invention. Test strip 10 
preferably takes the fomi of a generaUy flat strip that ©ctends from a proxm 
distal end 14. Preferably, test strip 10 is sized for easy handling. For example, test strip 
10 may be about 1 3/8 inches along its length (i.e., from proximal rad 12 to distal end 14) 
and sibout 5/16 inches wide. However, proximal end 12 may be narrower than distal end 
20 14. Thus, test strip 10 may include a tapered section 16, in which the full width of test 
strip 10 t^ers down to proxunal end 12, making proximal end 12 nairower than distal 
end 14. As described in more detail below, the user applies the blood sample to an 
opening in proximal end 12 of test strip 10. Thus, providing tapered section 16 in test 
strip 10, and malnTig proximal end 12 narrows tihan distal end 14, may help the user to 
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locate the opening where the blood sample is to be applied and may make it easier for the 
user to succcssfoUy apply the blood sample to test strip 10, 

As best shown in Figure 3, test strip 10 may have a generally layered construction. 
Working \q)ward from the lowest layer, test strip 10 may include a base layer 18 
extending along the entire length of test strip 10. Base layer 18 is preferably composed of 
an electrically insulating material and has a thickness sufficient to provide stractural 
support to test strip 10. For example, base layer 18 may be polyester that is about 0.014 
inches think. 

Disposed on base layer 18 is a conductive pattem 20. Conductive pattern 20 
includes a plurality of electrodes disposed on base layer 18 near proximal end 12, a 
plurality of electrical contacts di^osed on base layer 18 near distal end 14, and a plurality 
of conductive traces electrically connecting the electrodes to the electrical contacts, hi a 
preferred embodiment, the plurality of electrodes includes a working electrode 22, a 
counter electrode 24, which may include a first section 25 and a second section 26, a fill- * 
detect anode 28, and a fill-detect cathode 30. Correspondingly, the electrical contacts 
may include a working electrode contact 32, a counts: electrode contact 34, a fill-detect 
anode contact 36, and a fill-detect cathode contact 38. The conductive traces may include 
a working electrode trace 40, electrically connecting working electrode 22 to working 
electrode contact 32, a counter electrode trace 42, electrically connecting counts: 
electrode 24 to counter electrode contact 34, a fill-detect anode trace 44 electrically 
connecting fill-detect anode 28 to fill-detect contact 36, and a fill-detect cathode trace 46 
electrically connecting fill-detect cathode 30 to fill-detect cathode contact 38. In a 
preferred embodiment, conductive pattem 20 also includes an auto-on conductor 48 
disposed on base lay^ 1 8 near distal end 14. 
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A dielectric layer 50 may also be disposed on base layer 18, so as to cover 
portions of conductive pattern 20. Preferably, dielectric layo- 50 is a thin layer (e.g:, 
about 0.0005 inches thick) and is composed of an electrically insulating material, such as 
silicones, acrylics, or mixtures thereof. Preferably, dielectric layer 50 is also hydrophilic. 
Dielectric layer 50 may cover portions of working electrode 22; counter electrode 24, fill- 
detect anode 28, fill-detect cathode 30, and conductive traces 40-46, but preferably does 
not cover electrical contacts 32-38 or auto-on conductor 48. For example, dielectric layer 
50 may cover substantially all of base layer 18, and the portions of conductive pattern 20 
thereon, from a line just proximal of contacts 32 and 34 all the way to proximal end 12, 
except for a slot 52 extending fix>m proximal end 12. In this way, slot 52 may define an 
exposed portion 54 of working electrode 22, exposed portions 56 and 58 of sections 25 
and 26 of counter electrode 24, an exposed portion 60 of fill-detect anode 28, and an 
exposed portion 62 of fill-detect cathode 30. As shown in Figure 2, slot 52 may have 
different widths in diJBferent sections, which may make exposed portions 60 and 62 of fill- 
detect electrodes 28 and 30 wider than exposed portions 54, 56, and 58 of working 
electrode 22 and countCT electrode sections 25 and 26. 

ITie next layer in test strip 10 may be a dielectric spacer layer 64 disposed on 
dielectric layer 50.. Dielectric spacer layer 64 is composed of an electrically insulating 
material, such as polyester. Dielectric spacer layer 64 may have a lenjgfli and width 
similar to that of dielectric layer 50 but may be substantially thicker, e,g., about 0.005 
inches thick, hi addition, spacer 64 may include a slot 66 that is substantially aligned 
with slot 52. Hius, slot 66 may extend from a proximal end 68, aligned with proximal 
end 12, back to a distal end 70, such that exposed portions 54 - 62 of working electrode 
22, counter electrode 24, fill-detect anode 28, and fill-detect cathode 30 are located in slot 
66. 

11 
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A cover 72, having a proximal ead 74 and a' distal end 76, may be attached to 
A:^^^r.uA^ ^rs^^^ low*:^ ^Htt BTi flHheRivft laver 78. Cover 72 is composed of an 
electrically insiilating material, such as polyester, and may have a thickness of about 
0.004 inches. Preferably, cover 72 is transparent. 

Adhesive layer 78 may inchade a polyacrylic or other adhesive and have a 
thickness of about 0.0005 inches. Adhesive layer 78 may consist of a first section 80 and 
a second section 82 disposed on spacer 64 on opposite sides of slot 66. A break 84 in 
adhesive layer 78 between sections 80 and 82 ejrtends from distal end 70 of slot 66 to an 
opening 86. Cover 72 may be disposed on adhesive layer 78 such that its proximal end 
74 is aligned with proximal end 12 and its distal end 76 is aligned with opening 86. In 
tbis way, cover 72 covers slot 66 and break 84. 

Slot 66, together with base layer 18 and cover 72, defines a sample chamber 88 in . 
test strip 10 for receiving a blood sample fiw measurement Proximal aid 68 of slot 66 
defines a first openmg m sample chamber 88, through which the blood san^le is 
introduced into sample chamber 88. At distal end 70 of slot 66, break 84 defines a second 
opening in sample chamber 88, for venting sample chamber 88 as sample enters sanq)le 
chamber 88. Slot 66 is dimensioned such that a blood sample appHed to its proxhnal end 
68 is drawn into stod held in sample chamber 88 by capillary action, with break 84 
venting sample chamber 88 through opening 86, as the blood san^le enters. Moreover, 
slot 66 is dimensioned so that the blood sample that enters sample chambo- 88 by 
capillary action is about 1 microliter or less. For example, slot 66 may have a length (i.e., , 
from proximal end 68 to distal end 70) of about .140 inches, a width of about .060 inches, 
and a height (which may be substantially defined by the thickness of ^electric spacer 
layer 64) of about .005 inches. Other dimensions could be used, however. 
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A reagent layer 90 is disposed in sample chamber 88. Preferably, reagent layer 90 
covers at least exposed portion 54 of working electrode 22. Most preferably, reagent 
layer 90 also at least touches exposed portions 56 and 58 of counter electrode 24. 
Reagent layer 90 includes chemical constituents to enable the level of glucose in the 
bipod sample to be detamined electrochemically. Thus, reagent layer 90 may include an 
enzyme specific for glucose, such as glucose oxidase, and a mediator, such as potassium 
feiricyanide. Reagent layer 90 may also include other con^onents, such as buffering 
materials (e.g., potassium phosphate), polymeric binders (e.g., hydroxypropyl-methyl- 
cellulose, sodium alginate, microcrystalline cellulose, polyethylene oxide, 
hydioxyethylcellulose, and/or polyvinyl alcohol), and surfectants (e.g., Triton X-100 or 
Surfynol 485). 

With these chemical constituents, reagent layer 90 reacts witii glucose in the blood 
sample in the following way. The glucose oxidase initiates a reaction that oxidizes the 
glucose to gluconic acid and reduces the ferricyanide to ferrocyanide. When an 
appropriate voltage is q)plied to working electrode 22, relative to counter electrode 24, 
the ferrocyanide is oxidized to ferricyanide, thereby generating a current that is related to 
the glucose concentration in the blood sample. 

As best shown in Figure 3, the arrangement of the various layers in test strip 10 
may result in test strip 10 having different thicknesses in diflf^ent sections, hi particular, 
among the layers above base layer 18, much of the thickness of test strip 10 may come 
ftom the ttiickness of spacer 64. Thus, the edge of spacer 64 that is closest to distal end 
14 may define a shoulder 92 in test strip 10. Shoulder 92 may define a thin section 94 of 
test strip 10, extending between shoulder 92 and distal end 14, and a thick section 96, 
extending between shoulder 92 and proximal end 12. The elements of test strip 10 used 
to electrically connect it to the meter, namely, electrical contacts 32 - 38 and auto-on 
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conductor 48, may all be located in thin section 94. Accordingly, the connector in the 
^n.r Ua. ^ir^^A o/> oc ff\ oVkU to n»r>.ptivA thiTi Rftr^Hnn 94 but not thick section 96, as 
described in more detail below. This may beneficially cue the user to insert the correct 
end, i.e., distal end 14 in thin section 94, and may prevent the user firom inserting the 
5 wqng end, i.e., proximal end 12 m thick section 96, into the meter. 

Although Figures 1-3 illustrate a preferred configuration of test strip 10, other 
configurations could be used. For example, in the configuration shown in Figures 1-3, 
counter electrode 24 is made up two sections, a first section 25 that is on the proximal 
side of working electrode 22 and a second section 26 that is on the distal side of working 
10 electrode 22. Moreover, the combined area of the exposed portions 56 and 58 of counter 
electrode 24 is preferably greater than the area of the exposed portion 54 of working 
electrode 22. In this configuration, counter electrode 24 effectively surrounds working 
electrode 22, wWch beneficially shields working electrode 22 electrically. In other 
configurations, however, counter electrode 24 may have only one section, such as first 
15 section 25, 

Dififerent arrangements of fill-detect electrodes 28 and 30 may also be used In 
the configuration shown in Figures 1 - 3, fill-detect electrodes 28 and 30 are m a side-by- 
side arrangement Alternatively, fill-detect electrodes 28 and 30 may be in a sequential 
arrangement, whereby, as ihe sample flows Ihrougji sample chamber 88 toward distal end 

20 70, the sample contacts one of the fill-detect electrodes first (either the anode or the 
cathode) and then contacts the other fill-detect electrode. In addition, although exposed 
portions 60 and 62 of fill-detect electrodes 28 and 30 are wider than raposed portions 54, 
56, and 58 of working electrode 22 and counter electrode sections 25 and 26 in the 
embodiment shown in Figure 2, they may have the same or a narrower widtii in other 

25 embodiments. 
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However they are arranged relative to each other, it is preferable for fill-detect 
electrodes 28 and 30 to be located on the distal side of reagent layer 90. hi this way, as 
the sample flows through sample chamber 88 toward distal end 70, the sample will have 
traversed reagent layer 90 by flie time it reaches fill-detect electrodes 28 and 30- This 
arrangement beneficially allows the fill-detect electrodes 28 and 30 to detect not only 
whether sufficient blood sample is present in swaplo chamber 88 but also to detect 
whether the blood sample has become sufficiently mixed with the chemical constituents 
of reagent layer 90. Thus, if reagent layer 90 covers woridng electrode 22, as is 
preferable, then it is preferable to locate fill-detect electrodes 28 and 30 on the distal side 
of working electrode 22, as in the configuration shown in Figure 1 - 3. Other 
configurations may be used, however. 

Different configurations of the sample chamber in the test strip aire also possible. 
For example, Figure 4 shows an alternate embodiment, test strip 100, m which the sample 
chamber is vented without the use of a break in an adhesive layer, hi test strip 100, 
spacer 64 includes a vented slot 102 tiiat defines the sample chamber. Slot 102 mcludes a 
wide section 104, which may have a relatively uniform width, a tapered section 106, 
which may have a rounded shape, and a narrow section 108, which may also have a 
rounded shape. The exposed portions of the workmg and counter electrodes may be 
located in wide section 104 and the proximal end of tiered section 106, and the exposed 
portions of the fill-detect electrodes may be located m tiie distal end of tiered section 
106. Cover 72 is attached to spacer 64 (e.g., usmg an adhesive) so as to cover slot 102 
except for a distal end of narrow section 108. M this way, narrow section 108 may vent 
the sample chamber defined by slot 102. In addition, the rounded shape of tapered 
section 106 may allow the sample to flow tfirougji the sample chamber more smoothly 
and uniformly. 
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A vented slot need not have a rounded shape, however.. For example, Figure 5 
shows another alternate embodiment test strip 110. in which the sample chamber is also 
vented without the use of a break in an adhesive layer. In test strip 110, spacer 64 
includes a vented slot 112 that defines the sample chamber. Slot 112 includes a wide 
section 1 14, which may have a relatively uniform width, and a narrow section 116, which 
may also have a relatively uniform width. The exposed portions of the working, counter, 
and fill-detect electrodes may all be located in wide section 114, with the exposed 
portions of the fill-detect electrodes located at the distal end of wide section 114. Cover 
72 is attached to spacer 64 (e.g., using an adhesive) so as to cover slot 112, except for a 
distal end of nairow section 116. In this way, narrow section 116 may vent the sample 

chamber defined by slot 112. 

Other configurations of test strips for example, with other configurations of 

electrodes and/or sample chainber may also be used 

2. Method of manufactaring test strips 

Figures 6 through 11 illustrate an exemplary method of manufacturing test strips. 

Altibtough these figures shows steps for manufacturing test strip 10, as shown in Figures 1 

- 3, it is to be understood that similar steps niay be used to manufacture test strips having 

other configurations, such as test strip 100 shown in Figure 4 and/or test strip 1 10 shown 

inFigureS. 

With ref^ehce to Figure 6, a plurality of test strips 10 may be mass-produced by 
forming an integrated structure 120 that includes a plurality of test strip structures 122 all 
on one sheet The test strip structures 122 may be arranged in an array that includes a 
plurality of rows 124 (e.g., six rows), with each row 124 including a plurality of test strip 
structures 122 (e.g., fifty test strip stractures m each row). The plurality of test strips 10 
may then be formed by separating the test strip structures 122 &om each other. In a 
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preferred separation process, each row 124 of test strip structures 122 is first punched out 
of integrated structure 120. This punching process may provide some of the outer shape 
of the test strips 10. For example, the tapered shape of tapered sections 16 of the test 
strips 10 may be formed in fliis punching process. Next, a slitting process may be used to 
separate the test strip structures 122 in each row 124 into individual test strips 10. . 

Figures 7 through 11 show only one test strip structure (either partially or 
completely fabricated), in order to illustrate various steps in a prefiared method for 
forming the test strip structures 122. In this preferred approach, the test strip structures 
122 in integrated structure 120 are all formed on a sheet of material that serves as base 
layer 18 in the finished test strips 10. The other components in the finished test strips 10 
are then built up layer-by-layer on top of base layer 18 to form the test strip structures 
122. In each of Figures 7 through 1 1, the outer, shape of the test strip 10 that would be 
formed in flie overall manufacturing process is shown as a dotted line. 

As shown in Figure 7, the manufacturing process may begin by forming, for each 
test strip structure, a first conductive pattern 130 on base layer 18. First conductive 
pattern 130 may include electrical contacts 32-38, conductive traces 40-42, and auto-on 
conductor 48. First conductive pattern 130 may be formed by screen-printing a first 
conductive ink onto base layer 18. The first conductive ink may be provided as a viscous 
liquid that includes particles of a conductive material, such as metallic silver. For 
exan^le, a preferred first conductive ink has a composition of about 30 - 60 weight % 
metallic sUver, about 5-10 weight % lamp black, about 30 - 60 weight % dipropylene 
glycol monomethyl ether, and other conq>onents, and is available &om E.L DuPont de 
Nemours & Co., Wilmington, Delaware, as **Membrane Switch Composition 5524." 

As shown in Figure 8, a second conductive pattern 132 may then be formed on 
base layer 18. Second conductive pattern 132 may include working electrode 22, first 
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section 25 and second section 26 of counter electrode 24, fill-detect anode 28, and fill- 
detect ca&ode 30, Second conductive pattern 132 may be formed by screen-printing a 
second conductive ink onto base layer 18, The second cQnductive ink may be provided as 
a viscous liquid that includes particles of a conductive material, such as graphite. The 
5 second conductive ink may have a different composition than the first conductive mk. In 
particular, the second conductive ink is preferably substantially of firee of materials, such 
as silver, that can interfere with the chemistry of reagent layer 90. A preferred second 
conductive ink has a con5)osition of about 10 - 20 weight % graphite, about 5 - 10 

r 

weight % lamp black, greater than 60 weight % ethylene glycol diacetate, and about 5 - 

10 10 wei^t % polymer, and is available fix)m E.I. DuPont de Nemours & Co., Wiknington, 
Delaware, as '^100735-111." 

As shown in Figure 9, dielectric layer 50 may then be formed on base layer 18 so 
as to cover portions of first conductive pattern 130 and second conductive pattern 132. 
As shown in Figure 9, dielectric layCT 50 may extend beyond the outline of a finished test 

15 strip 10 so as to cover multiple test strip structures being formed on base layer 18: Also 
as diown in Figure 9, dielectric layer 50 may include a slot 134 that defines exposed 
portions 54, 56, 58, 60, and 62 of working electrode 22, first counter electrode section 25, 
second counter electrode section 26, fill-detect anode portion 28, and fill-detect catiiode 
portion 30. Slot 52 in test strip 10 corresponds to flie part of slot 134 that remams in test 

20 strip 10 after the test strip structures are sq)arated mto test strips. In this regard, slot 134 
may include a wide section 135 to allow the portions of fill-detect electrodes 28 and 30 
left exposed by layer 50 to be wider than the portions of working electrode 22 and counter 
electrode 24 left exposed by layer 50. 

In a preferred approach, dielectric layer 50 is hydrophilic and is apphed by screen- 

25 printing a dielectric material. A preferred dielectric material coihprises amixture of 
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silicone and acrylic compounds, such as flie **Membrane Switch Composition 5018" 
available from E.L DuPont de Nemours & Co., Wilmington, Delaware. Other materials 
could be used, however. 

In title next step, dielectric spacer layer 64 may be applied to dielectric layer 50, as 
illustrated in Figure 10. Spacer 64 may be applied to dielectric layer 50 in a number of 
different ways. In an exemplary approach, spacer 64 is provided as a sheet large eiiough 
and appropriately shaped to cover multiple test strip stractures. In this approach, the 
underside of spacer 64 may be coated with an adhesive to facilitate attachment to 
dielectric layer 50 and base layer 18. Portions of the upper surface of spacer 64 may also 
be coated with an adhesive in order to provide adhesive layer 78 in each of the test strips 
10. Various slots may be cut into or punched out of spacer 64 to shape it before spacer 
layer 64 is ^plied to dielectric layer 50. For example, as shown in Figure 10, spacer 64 
may have a slot 136 for each test strip structure and a slot 138 that extends over multiple 
test strip structures. In addition, spacer 64 may include adhesive sections 140 and 142, 
with break 84 therebetween, for each test strip stmcture being formed. Spacer 64 is then 
positioned over base layer 18, as shown in Figure 10, and laminated to base layer 18 and 
dielectric layer 50. When spacer 64 is ^propriately positioned on base layer 18, exposed 
electrode portions 54 - 62 are accessible through slot 136. Thus, slot 66 in test strip 10 
corresponds to that part of slot 136 that remains in test strip 10 after the test strip 
structures are separated into test strips. Snnilarly, slot 138 in spacer 64 leaves contacts 32 
- 38 and auto-6n conductor 48 exposed after lamination. 

Alt^natively, spacer 64 could be ^plied in other ways. For example, spacer 64 
may be injection molded onto base layer 18 and dielectric 50. Spacer 64 could also be 
built up on dielectric layer 50 by screen-printing successive layers of a dielectric material 
to an qypropriate thickness, e.g., about O.OOS inches. A preferred dielectric material 
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comprises a mixture of silicone and acryKc compounds, such as the *TVIembrane Switch 
Composition 5018" available from BJ. DuPont de Nemours & Co., Wilmington, 
Delaware. Other materials could be used, however. 

Reagent layer 90 may ttien be ^plied to each test strip stracture. In a preferred 
approach, reagent layer 90 is applied by micropipetting an aqueous composition onto 
exposed portion 54 of working electrode 22 and letting it dry to foim reagent layer 90. A 
preferred aqueous composition has a pH of about 6 and contains 2 weight % polyvinyl 
alcohol, 0.1 M potassium phosphate, 0.05 weight % Triton X-100, 0.15 M potassium 
ferricyanide, 0.7 % hydroxyethylcellulose (such as NATROSOL®), and about 2500 units 
of glucose oxidase per mL. Alternatively, other methods, such as screen-printing, may be 
used to apply the composition used to form reagent layer 90. 

A transparent cover 72 may then be attached to adhesive layer 78. As shown in 
Figure 11, cover 72 (which is shown as transparent) may be large enough to cover 
multiple test strip structures 122. Attaching cover 72 may complete the fonnation of the 
plurality of test strip structures 122. The plurahty of test strip structures 122 may then be 
separated from each other to form a plurality of test strips 10, as described above. 

3. The meter and removable data storage device 

To measure the glucose level in a blood sample, a test strip (e.g., test strip 10, test 
strip 100, or test strip 110) is preferably used with a meter 200, as shown in Figures 12 
and 13. Preferably, meter 200 has a size and shape to allow it to be conveniently held m a 
user's hand while the user is performing the glucose measurement. Meter 200 may 
include a front side 202, a back side 204, a left side 206, a right side 208, a top side 210, 
and a bottom side 212. Front side 202 may include a display 214, such as a liquid crystal 
display (LCD). Bottom side 212 may include a strip connector 216 into which the test 
strip is inserted to conduct a measurement. 
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Left side 206 of meter 200 may include a data cpmiector 218 into which a 
removable data storage device 220 may be inserted, as described in more detail below. 
Top side 210 may include one or more user controls 222, such as buttons, with which the 
user may control meter 200. Rigjit side 208 may include a serial connector (not shown). 

Figure 14 shows a preferred embodiment of strip connector 216 in more detail. 
Strip connector 216 includes a channel 230 with a flared opening 231 for receiving a test 
strip. Tabs 232 and 234 hang over the left and right ades, respectively, of channel 230 at 
a predeteraiined height. This predetermined height is set to allow distal end 14 (in thin 
section 94), but not proximal end 12 (in thick section 96), to be inserted into strip 
connector 216. In this way, tiie user may be prevented from improperly mserting the test 
strip into strip coimector 216. 

Electrical contacts 236 and 238 are disposed in channel 230 behind tabs 232 and 
234, and electrical contacts 240 - 246 are disposed m channel 230 behind electrical 
contacts 236 and 238. When distal end 14 of the test strip is properly inserted into strip 
connector 216, electrical contacts 236 - 246 contact electrical contacts 32 - 38 and auto- 
on conductor 48 to electrically connect the test strip to meter 200. Jn particular, electrical 
contacts 236 and 238 contact electrical contacts 32 and 34, respectively, to electrically 
connect workhig electrode 22 and counter electrode 24 to meter 200. Electrical contacts 
240 and 242 contact electrical contacts 36 and 38, respectively, to electrically fill-detect 
electrodes 28 and 30 to meter 200. Finally; electrical contacts 244 and 246 electrically 
comiect auto-on conductor 48 to meter 200. 

Meter 206 may use data from removable data storage device 220 to calculate 
glucose levels in blood samples measured by metCT 200. Specifically, data storage device 
220 may be associated with a lot of test strips and may store one or more parameters that 
meter 200 may use for fliat lot For escample, data storage device 220 may store one or 
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more caUbration parameters that meter 200 may use to calculate the glucose level from an 
averaffed current measurement The calibration parameters may include temp^ature 
corrections. Data storage device 220 may also store other information related to the lot of 
test strips and the meter, such as a code identifying the brand of test strips, a code 
identifying the model of meter to be used, and an expiration date for the lot of test strips. 
Data storage device 220 may also store other information used by meter 200, such as the 
duration of the fill timer and the incubation timer, the voltages to use for the **Drop Level 
1," *Till,'* and "Assay Excitation Level 2" voltages, one or more parameters relating to 
the number of current measurements to make, and one or more paramet^s specifymg 
how tibie meter should average the current measurements, as described in more detail 
belov/. Data storage device 220 may also store one or more checksums of the stored data 
or portions of the stored data. 

In a preferred approach, before a given lot of test strips is used with meter 200, the 
removable data storage device 220 associated with that given lot is first mserted into data 
connector 218. Meter 200 may then load the relevant data from data storage device 220 
into an internal memory when a test strip is inserted into strip connector 216. With the 
relevant data stored in its intemal memory, meter 200 no long©: needs data storage device 
220 to measure glucose levels using test strips in the given lot Thus, r^ovable data 
storage device 220 may be removed fcom meter 200 and may be used to code ofha: 
meters. If data storage device 220 is retained in meter 200, meter 200 may no longer 
access it but instead use the data stored in its intemal memory. 

With reference to Figure 15, removable data storage device 220 may mclude a 
memory chip 250 mounted on a circuit board 252, which, in turn, is mounted to a carrier 
254. Memory chip 250 stores the data in a predetermined format Preferably, memory 
chip 250. includes a non-volatile memory, so as to retain the stored data, when un- 
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powered. For example, mernory chip 250 may be an electromcally erasable 
programmable read only memory (EEPROM) chip. Such EEPROM chips can typically 
be written to many times (e.g., one million write cycles, or more) so that it does not wear 
out over the life cycle of usage. 

Memory chip 250 may be electrically connected to a plurality of electrical 
contacts on circuit board 252. These electrical contacts may include a voltage supply 
contact 256, a ground contact 258, a data input/output contact 260, and a clock contact 
262. hi this way, when the ^propriate voltage is applied to voltage supply 256, relative 
to ground contact 258, data may be synchronously read from or written to memory chip 
250 using data mput/output contact 260 and clock contact 262. As described in more 
detail below, ground contact 258 may be longer than the other electrical contacts 256, 
260, and 262, for greater reliability. 

Carrier 254 may be made out of a material such as plastic and may include a distal 
end 264 and a proximal end 266. Distal end 264 is intended to be mserted into data 
connector 218. Proxunal end 266 may include a flange 268 to allow a user's fibagers to 
grip removable data storage device 220 for either insertion into or removal from data 
connector 218. Carrier 254 may mclude an opening 270 through which electrical contacts 
256 - 262 are accessible. Thus, when data storage device 220 is properly inserted into 
data connector 218, electrical contacts 256 - 262 on circuit board 252 contact 
corresponding electrical contacts 272 - 278 (shown m Figure 12), respectively, in data 
connector 218. In this way, meter 200 may become electrical connected to memory chip 
250 to read the data stored therein. 

Carrier 254 and data connector 218 may be '"keyed" so that removable data 
storage device 220 may be inserted into coimector 218 in only one orientation. For 
^cample, carrier 254 may include a wedge-shaped comer 282 and connector 218 may 
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include a wedge-shaped openiDig 284 for receiving wedge-shaped comer 282. As a result, 

wedge-shaped comer 282 is received m wedge-shaped opening 284. Beneficially, this 
keying may cue the user as to the prop^ insertion orientation and may prevent damage 
that could be caused by improper insertion. 

Another feature of removable data storage device 220 that may mhance its 
reliability is the greater length of ground contact 258. Specifically, circuit board 252 is 
mounted to carrier 254 such that ground contact 258 extends closer to distal end 264 (i.e., 
the end inserted into data connector 218) than the other electrical contacts 256, 260, and 
262. As a result, ground contact 258 is tiie first electrical contact on circuit board 252 to 
make electrical contact with meter 200 when data storage device 220 is inserted into data 
connector 218 and the last electrical contact to break electrical contact with meter 200 
when data storage device 220 is removed. This prevents memory chip 250 &om being 
powered in an unintended operating mode that may not be reliable, e.g., the supply 
voltage fiom nieter 200 being applied to memory chip 250 through voltage supply contact 
256 without memory chip 250 also being connected to ground through ground contact 
258. 



4^ Theuseof the test strip with the meter 

In ord«r to save power, meter 200 is preferably in a low power "sleep" mode most 
of the time. However, meter 200 may *^vake up" and enter an active mode when certain 
situations occur. For example, actuating one or more of the user controls 222 may cause 
meter 200 to wake up, as may .attempting to use serial port 416 for data transfer. 
Preferably, inserting either a test strip (e.g., test strip 10, test strip 100, or test strip 1 10) or 
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a check strip into meter 200 also wakes it up. Meter 200 may then detemiine whether the 
inserted strip is a test strip or a check strip. The flow chart of Figure 16 illustrates this 
process. 

At first, meter 200 is in a low power sleep mode, as indicated by step 300. Then, 
either a test strip or check strip is inserted into meter 200, as indicated by step 302. The 
insertion causes the auto-on conductor on the strip (e.g., auto-on conductor 48 on test 
strip 10) to bridge auto-on contacts 244 and 246 in meter 200. As a result, an auto-on 
current starts to flow through auto-on contacts 244 and 246 and through the auto-on 
conductor. This auto-on current causes meter 200 to wake up and enter an active mode, 
as indicated by step 304. 

hi this active mode, meter 200 measures the voltage drop across the auto-on 
conductor, as indicated by step 306. la a preferred apptoach^ the resistance of the auto-on 
conductor^ in test strips is significantly different than in check strips. Thus, meter 200 
- may detemiine whether the strip inserted into it is a test strip or a check strip based on the 
auto-on voltage drop. For example, the auto-on conductors in test strips may have a 
substantially lower resistance than in check strips. Accordingly, meter 200 may compare 
the auto-on voltage drop to a predetermined threshold value, as indicated by step 308. If 
the auto-on voltage drop is less than the predetermined threshold value, then meter 200 
identifies the strip as a test strip and performs a test strip sequence, as indicated by step 
310. On the other hand, if the auto-on voltage drop is greater than the predetermined 
threshold value, then meter 200 identifies the strip as a check strip and performs a check 
strip sequence, as indicated by step 312. 

The flowchart of Figure 17 illustrates a preferred check strip sequence. A check 
strip may have electrical contacts near its distal end (in addition to the auto-on conductor) 
that are similar to electrical contacts 32 - 38 on the test strip, excqpt that the electrical 
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contacts on the check strip may be connected to resistors, with predetermined resistances, 
rather than to actual electrodes. Thus, when a check strip is iiiserted into meter 200; 
electrical contacts 236 and 238 may contact '^working electrode*' and "comiter electrode" 
contacts on ttie check strip that are actually connected via a first resistor in the check 
strip. Similarly, electrical contacts 240 arid 242 may contact "fill-detect?' contacts on the 
check strip that are actually comiected via a second resistor in the check strip. 

As summarized in Figure 17, meter 200 may perfoim the check strip sequOTce by 
measuring the currents through ttie first and second resistors in the check strip to 
determine if the measured values fell within acceptable ranges. If the measured current 
values do not fall within the acceptable ranges, then there may be a problem with nieter 
200. Thus, meter 200 may first measure the current through working and counter 
electrode contacts 236 and 238 to obtain a measured current value through the. first 
resistor, as indicated by step 314. Meter 200 ttieri determines if this measured current 
value is within the accq>table range, as indicated by step 316. If the measured current 
value is not within the acceptable range, then meter 200 Indicates a failure status, as 
indicated by step 318. To indicate flie failure status, met^ 200 may display a message or 
an icon on display 214 and/or provide some other user-discernible failure indication. 

If the measured current through the first resistor is within the acceptable range, 
then meter 200 nmy also measure the currmt through fill-detect electrode contacts 240 
and 242 to obtam a measured current value through the second resistor, as indicated by 
step 320. Then, meter 200 determines whether this measured current value is within an 
acceptable range, as indicated by step 322. If the measured current value is not within the 
acceptable range, then meter 200 indicates a failure status, as mdicated by step 324. If the 
measured current value is within the acceptable range, then meter 200 may indicate an 
operational status. For example^ meter 200 may display an "OK" icon on diq)lay 214. ^ 
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As noted above, if the meter 200 detects a test strip, then meter 200 performs a 
test strip sequence. As a first phase of the test strip sequence, meta: 200 may vaKdate the 
working, counter, and fill-detect electrodes by determining whether the impedances 
between them are suflSciCTitty higjh. This process is illustrated in the flow chart of Figure 
18. 

As indicated by stq> 328, meter 200 may ^ply a predetermined first validation 
voltage, e.g., the 'Drop Level 1" voltage, between working and counter electrodes 22 and 
24 and measure any resulting current flowing through working electrode 22. The first 
vahdadon voltage should result in little or no current, because there should not be a low- 
impedance pathway between working electrode 22 and counter electrode 24. Thus, meter 
200 may check whether the resulting current is below a maximum allowable value, as 
indicated by step 330. If the resulting cuirent is above the maximum value, then meter 
may indicate a failure status, as inidicated by step 332. 

Otherwise, meter 200 may proceed with the test strip sequence and apply at 
predetermined second validation voltage, e.g., the 'Till" , voltage, across fill-detect 
electrodes 28 and 30 and measure any resulting cuirent flowing through fill-detect anode 
28, as indicated by step 334. Meter 200 may store this current measurement so that it can 
be used in subsequent measm^ements, as described in more detail below. The second 
validation voltage should result in little or no current, because there should not. be any 
low-impedance pathways between any of the electrodes. However, electronic- 
components, such as amplifiers, in meter 200 may produce small offset currents that are 
measured in step 334. Meter 200 may check whether the cuirent measurement of step 
334 is below a maximum allowable value, as indicated by step 336. If the current 
measuremrat is above the maximum value, then meter 200 may indicate a Mure status^ 
as indicated by step 338. Otherwise, meter 200 may mdicate that a blood sample may be 
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applied to the test strip. For example, meter 200 may display a message or aa icon on 

Meter 200 may perform the measurement of step 334 at the same time it performs 
the measurement of step 328. Thus, meter 200 may apply fixe "Drop Level 1" voltage 
between working and counter electrodes 22 and 24, measuring any resulting current 
thrdugh working electrode 22, while at the same time applying the ^Till" voltage between 
fill-detect electrodes 28 and 30 and measuring any resulting current through fill-detect 
anode 28. 

If flie electrodes are validated, meter 200 may then proceed with the process 
illustrated in the flow chart of Figure 19. To detect when the user q)plies flie blood 
sample, meter 200 applies 'T)rop Level 1" voltage across working electrode 22 and 
counter electrode 24 and measures any resulting currmt flowing between these 
electrodes, as indicated by step 342. Preferably, the *T)rop Level 1" voltage is less than 
the redox potential of the chemistry used in reagent layer 90. At step 344, the user 
applies a blood sample to the test strip. More particularly, the user may apply the blood 
sample to the opening of sample chamber 88 at proximal end 12, as shown m Figinre 3. 
As noted, above, sample chamber 88 is dimensioned to draw the blood sample into it by 
capillary action. As the blood sample moves mto sample chamber 88, it will eventually 
bridge working electrode 22 and counter electrode 24, ttiereby providing an electrically 
conductive pathway between them. Thus, meter 200 determines that a blood sample is 
present in sample chamber 88 when the resulting current reaches a predetermined 
threshold value or series of threshold values with an overall positive magnitude change, 
as indicated by step 346. When meter 200 detects the blood sample in this way, meter 
200 disconnects working and counter electrodes 22 and 24, puttmg them in a higji 
impedance state relative to fill-detect electrodes 28 and 30, and meter 200 starts a fill 
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timer and an incubation timer, as indicated by step 348. Before' meter 200 puts working 
and counter electrodes 22 and 24 in the high impedance state, meter 200 may first ground 
them to discharge stored charges. 

The jSli tuner sets a time limit for the blood sample to traverse reagmt layer 9Q 
and reach fill-detect electrodes 28 and 30. The incubation tinier sets a delay period to 
allow the blood sample to react with reagent layer 90. ^ Once meter 200 starts the fill timer 
running, meter 200 ^lies a voltage, the **Fill** voltage, between fill-detect electrodes 28 
and 30 and measures the resulting current flowing between these electrodes, as indicated 
by step 350- Meter 200 may subtract 6om this measured current the current measurement 
fiom stqp 334 to obtain an adjusted current. As indicated by stq) 352, meter 200 checks 
whether the current (or adjusted current) reaches a predetermined threshold value or a 
series of thresholds with an overall positive magnitude change before the fill timer 
elapses. Preferably, the cinrent threshold(s) are set so that meter 200 can determine 
whether sufScient sample has reached fill-detect electrodes 28 and 30 and whether the 
sample has become mixed with the ch^cal constituents in reagent layer 90. 

If the current (or adjusted current) does not reach the required value, then there 
may be some problem with the test strip. For example, there may be a blockage in 
sanq>le chamber 88. There may be an inadequate amount of sample. There may be no 
reagent layer, or the chemical constiturats reagent layer may have failed to mix with the 
blood sample. Any of these problems may make the glucose measurement unreliable. 
Accordingly, if the fill timer elapses without a sufBcient current (or adjusted current) 
flm>ugh fill-detect electrodes 28 and 30, meter 200 may indicate a failure status, as 
indicated by step 354. Meter 200 may indicate this failure status by displaying an OTor 
message or icon on display 214 and/or by providing some other user-discernible 
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indication. The duration of the fill timer may, for example, be in the range of 2 to 6 

secoxidS: 

If however, meter 200 detects sufficient current (or adjusted current) through fill- 
detect electrodes 28 and 30 before the fill timer elapses, then meter 200 may proceed with 
5 the glucose measurement process. As indicated by step 356, meter 200 may providie an 
indication to the user that meter 200 has detected adequate sample mixed with the 
chemicd constituents of reagent layer 90. For example, meter 200 may beep, display a 
message or icon on display 214, or provide some other user-discernible indication. 
Preferably, meter 200 also disconnects fill-detect electrodes 28 and 30, bringing them to a 
10 high impedance state relative to working electrode 22 and counter electrode Meter 
200 may ground fill-detect electrodes 28 and 30 before putting fhem into the high 
impedance state in order to discharge stored charges. Meter 200 then waits for the 
incubation timer to elapse, as mdicated by step 358, in order to allow sufiScijent tune for 
the blood sample to react with reagent layer 90. The incubation timer may, for example, 
15 take about 2 seconds to about 10 seconds to elapse, depending on the implementation. In 
a preferred embodiment, the incubation timer lasts about 5 seconds. 

When the incubation timer closes, meter 200 applies the "Assay Excitation Level 
2" voltage between working electrode 22 and counter electrode 24 and measures the 
resulting current flowing between these electrodes, as mdicated by step 360. Preferably, 
20 meter 200 measures the resulting current at a fixed sampling rate throughout a 
measurement period, to obtain a plurality of current measurements. The measurement 
period may last torn about 5 seconds to about 15 seconds, depending on the 
implementation, hi a preferred embodiment, the measurement period lasts about 5 
seconds. 
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Meter 200 then detennines the glucose level in the blood sample from the cmrent 
measuremCTits, as indicated by step 362. In a preferred approach, meter 200 may average 
the cmrent measmrements to obtain an average current value at a predetermined point of 
time during the measurement period. Meter 200 may then use the calibration data 
obtained from removable data storage device 220 and stored in its internal memory to 
calculate the glucose level from the average current value. Meter 200 may also take a 
temperature reading and use the temperature reading to correct the measured glucose 
level for temperature dependence. In addition, meter 200 may check the validity of the 
current measurements by checking that the measured current decreases over time, as 
expected. 

For example, in a preferred embodiment, meter 200 may take a predetennined 
number of current measurements (mj ... mni) in 0.1 second time mtervals. The 
predetemiined number, M, may, for example, range from 50 to 150, and it may be a 
parameter specified in removable data storage device 220. The meter may then average 
every n currmt measurements to provide a plurality of data points (dj ... d^). Thus, if >i is 
equal to 3, the meter would calculate dj by avCTaging w/, rm, and m^, and would 
calculated tfe by averaging w^, mj, and m^. The averagmg parameter, w, may be a 
parameter specified in removable data storage device 220. One of the data points may 
then be selected as the center point for another level of averaging, in which the meter 
averages together the data points around and including the center point to provide a meter 
reading, X. Thus, if d2 is selected as the center pomt, then the meta: may average dj, dzy 
and dj together to calculate flie meter reading, X. Removable data storage device 220 
may store a parameter that specifies which of the data points to use as the center point for 
calculating the meter reading X. Met^ 200 thsEi calculates the glucose level, 7, from the 
meter reading, Jf, and one or more calibration parameters, which nmy be specified in 
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removable data storage device 220. For example, in an exemplary embodiment, meter 

XrW iiiajr uao uuc^c/ voixuiauuix poiouiCLC/io, ouu t;, w \>cuvuiaiw ^, uoau^ kuv W'/v^xvooiwii 

a + 6JSr + cAf . Alternatively, different expressions, which may include different terms 
and/or differ^t nmnbers of calibration parameters, may be used to calculate Y. For 

5 example, in another exemplary embodiment, 7 may be calculated using the expression a 
+ feA^H- cJlf + d/X. In some cases, data storage device 220 may specify what expression 
to use to calculate Y in addition to what calibration parameters to use. 

The glucose level, 7, calculated in this way may not be temperature corrected, 
however. To correct for temperature, meter 200 may ^ply one or more tempemture 

1 0 correction parameters, which may be specified in removable data storage device 220. For 
example, in a preferred embodiment, the temperature-corrected glucose level may be 
calculated firom the expression A + 57+ CYT+DY^ where 5, C, and D are temperature 
correction parameters and T is a measured temperature. The calibration parameters A^ B, 
C, and D may be specified in rraiovable data storage device 220. In other embodiments, 

is the temperature correction may use only a single parameter, iS^, which may be specified in 
removable data storage device 220. For example, the tanperature-corrected glucose level 
may be calculated firom the expression Y/[(l + jS(T - 2 1)]. 

If the current measurements appear valid, then meter 200 displays the glucose 
level, typically as a number, on display 214, as indicated by stq> 364. Meter 20Q may 

20 also store the measured glucose level, with a timestamp, in its internal memory. 
5. Meter electronics 

Figure 20 shows, in simplified form, fhe electronic components of meter 200, in 
accordance with a prefmred embodiment. Meter 200 may include a microcontroller 400 
that controls the operation of meter 200 in accordance with programming, which may be 

25 provided as software ^d/or firmware. Microcontroller 400 may include a processor 402, 
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a memory 404, which may include read-only memory (ROM) and/or random access 
memory (RAM), a display controller 406, and one or more input/output (I/O) ports 408, 
Memory 404 may store a plurality of machine language instructions that comprises the 
progranmiing for controlling the operation of meter 200. Memory 404 may also store 
data. Processor 402 executes the machine language instructions, which may be stored in 
memory 404 or in other components, to control microcontroller 400 and, thus, meter 200, 
In particular, processor 402 may execute tiie stored machine language instructions so that 
meter 200 performs the functions summarized in the flowcharts of Figures 16rl9 and 
described above. 

Microcontroller 400 may also include other conq)onents under the control of 
processor 402. For example, microcontroller 400 may include a display controller 406 to 
help processor 402 control display 214. In a preferred embodiment, display 214 is an 
LCD and display controller 406 is an LCD driver/controller. Microcontroller may also 
include I/O ports 408, which enable processor 402 to communicate with components 
external to microcontroller 400. Microcontroller 400 may also include one or more 
timers 410. Processor 402 may use timers 410 to measure the fill time period, incubation 
time period, and other time periods described above. Microcontroller 400 may be 
provided as an integrated circuit, such as the HD64F38024H, available fiom Hitachi. 

MicrocontrollCT 400 is preferably connected to components that provide a user . 
mterfece. The components that make up the user interface of meter 200 may include 
display 214, a beeper 412, and user controls 222. Microcontroller 400 may display text 
and/or graphics on display 214. Microcontroller may cause beeper 412 to beep, such as 
to indicate that adequate sample (mixed with the, chemistry of reagent layer 90) has 
reached fill-detect electrodes 28 and 30, as described above. Microcontroller 400 may 
also be connected to other conqponents, such as one or more light-emitting diodes 
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(LEDs), to provide user-discemible indicatioiis, which may be visible, audible, or tactile. 
Microcontroiler 400 may receive user input from user controls 222. in a preferred 
embodiment, user controls 222 consists of a plurality of discrete switches. However, user 
controls 222 niay also include a touch screen or other conq)onCTts with which a user can 
provide input to meter 200. 

Microcontroller 400 may have access to one or more memories external to it, such 
as an EEPROM 414. In a preferred anbodiment, microcontroller 400 stores the 
measured glucose levels, and the times and dates the glucose measurements occurred, in 
EEPROM 414. By using user controls 222, the user may also be able to cause 
microcontroller 400 to display one or more of the glucose measurements stored in 
EEPROM 414 on display 214. Microcontroller 400 may also be connected to a serial port 
416, through which the user can access the glucose measurements stored in EEPROM 
414. Microcontroller 400 may use a transmit line, 'TX," to transmit signals to serial port 
416 and may use a receive line, '"RX," to receive signals from serial port 416. 

EEPROM 414 may also store the data from removable data storage device 220. 
In this regard. Figure 20 shows how electrical contacts 272 - 278 of data connector 216 
are connected inside of meter 200, Contact 272 is connected to a source of power, which 
may be through microcontroller 400. In this way, microcontroller 400 can do '"power 
management," powering removable data storage device 220, through contact 272, only 
when necessary, e.g., when downloading data from removable data storage device 220. 
Coiitact 274 is connected to ground Contacts 276 and 278 are connected to data 
inpul/output and clock outputs, respectively, of microcontroller 400. In this way, 
n[ricrocontroller 400 may download the data from data storage device 220, when 
connected to data connector 216, and store the data in EEPROM 414. 
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111 a prefeired embodimeat, meter 200 also includes a. data acquisitioii system. 
(DAS) 420 that is digitally interfeced with microcontroller 400. DAS 420 may be 
provided as an integrated circuit, such as the MAX1414, available from Maxim Integrated 
Products, Sunnyvale, California. 

DAS 420 includes one or more digital-to-analog converters (DACs) that generate 
analog voltages in response to digital data from microcontroller 400. In particular, DAS 
420 includes **Voutr* and *TB1" tenninals, which DAS 420 uses to apply analog 
voltages generated by a first DAC to working electrode 22, when the test strip is inserted 
in strip connector 216. Sunilarly, DAS 420 includes **Vout2" and *TB2" tenninals, 
which DAS 420 uses to apply analog voltages generated by a second DAC to fill-detect 
anode 28, when a test strip is iaserted in strip connector 216. The one or more DACs in 
DAS 420 generate analog voltages based on digital signals provided by microcontroller 
400. In this way, the voltages generated by the one or more DACs may be selected by 
processor 402. 

DAS 420 also includes one or more analog-to-digital converters (ADCs) with 
which DAS 420 is able to measure analog signals. As described in more detail below, 
DAS 420 may use one or more ADCs connected to the **Voutl" and •'Vout2" tenninals to 
measure currents from working electrode 22 and counter electrode 24, respectively, when 
a test strip is inserted in strip connector 216. DAS 420 may also include one or more 
oflier tenninals through which the ADCs may measure analog signals, such as the 
"Analog Inl" and "Analog hi2** termioals shown in Figure 20. DAS 420 may use the 
"Analog Inl" temoinal to measure the voltage across the auto-on conductor in a test strip 
or check strip that is connected to strip comector 216. The "Analog In2" terminal may 
be connected to a diermistor, RTl, to enable DAS 420 to measure teniperature. hi 
particular, DAS 420 .may siq>ply a reference voltage, V^g through a voltage divider fiiat 
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includes thennistor, RTl, and another resister, Rd- DAS 420 may use the "Analog Id2" 
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values obtained from the one or more ADCs to microcontroller 400, via the digital 
interface between these components. 

5 Preferably, DAS 420 has at least two modes of operation, a "sleep" or low-power 

mode and an "active" or run mode. In the active mode, DAS 420 has full functionality. 
In flie sleep mode, DAS 420 has reduced functionality but draws much less current For 
example, while DAS 420 may draw 1 mA or more in the active mode, DAS 420 may 
draw only microamps in the sleep mode. As shown in Figure 20, DAS 420 may include 

10 **Wake-iq)l," 'Wake-up2,** and **Wake-up3" inputs. When appropriate sigpials are 
asserted at any of these "Wake-up" terminals, DAS 420 may wake up from the sleep 
mode, enter the active mode, and wake up the rest of meter 200, as desaibed in more 
detail below, hi a preferred embodiment, the '*Wake-up" mputs are active-low inputs that 
are intemally pulled up to the supply voltage, Vcc- As described ia more detail below, 

1 5 inserting the auto-on conductor in either a test strip or check strip into strip comiector 216' 
causes the **Wake-upl" input to go low and, thereby, causmg DAS 420 to enter the active 
mode. In addition, the "Wake-Tq)2" input may be connected to one or more of user 
controls 222. In this way, the user's actuation of at least certain of user controls 222 
causes DAS 420 to enter the active mode. Finally, the *Wake-up3" input may be 

20 connected to serial port 416, e.g., via receive line, *TRX." In this way, attempting to use 
serial port 416 for data transfer may wake up DAS 420 and, hence, meter 200. 

As shown in Figure 20, DAS 420 includes several terminals that are connected to 
microcontroller 400. DAS 420 includes one or more *T)ata I/O" terminals, through which 
microcontroller 400 may write digital data to and read distal data from DAS 420. DAS 

25 420 also includes a "Clock In" temunal that receives a clock signal from microcontroller 

36 



wo 03/091717 PCTAIS03/12899 
400 to cooidinate data transfer to and jfrom the '"Data I/O" terminals. DAS 420 may also 
include a "Clock Ouf ' terminal through which DAS 420 may supply a clock signal that 
drives microcontroller 400- DAS 420 may generate this clock signal by using a crystal 
422. DAS 420 may also generate a real time clock (RTC) using crystal 422. 

DAS 420 may also include other terminals through which DAS 420 may output 
oth^ types of digital signals to microcontroller 400. For example, example DAS 420 
may include a *'Resef ' terminal, through which DAS 420 may output a signal for resetting 
microcontroller 400. DAS 420 may also include one or more *Thterrupt Out" terminals, 
which DAS 420 may use to provide interrupt signals to microcontroller 400. DAS 420 
may also include one or more 'Data Ready" uiputs that DAS 420 may use to signal 
microcontroller 400 that DAS 420 has acquired data, such as from an analog-to-digital 
conversioii, which is ready to be traiisfehred to microcontroller 400. 

As shown in Figure 20, nieter 200 may include a power source, such as one or 
more batteries 424. A voltage regulator 426 may provide a regulated siq>ply voltage, 
Vcc, from 6e voltage supplied by batteries 424. The supply voltage, Vcc, may then 
power the other components of meter 200. In a preferred embodiment, voltage regulator 
426 is a step-up DC-to-DC voltage converter. Voltage regulator 426 may be provided as 
an integrated circuit and other components, such as an inductor, capacitors, and resistors. 
The integrated circuit may, for example, be a MAX1724, available from Maxim 
Integrated Products, Suimyvale, California 

Preferably, voltage regulator 426 has a shutdown mode, in which it provides only 
an unregulated output voltage. DAS 420 may include a "Shutdown" terminal through 
which DAS 420 may control voltage regulator 426. In particular, when DAS 420 enters 
the sleep mode, DAS 420 may assert a low level signal at its "Shutdown" terminal, 
causing voltage regulator 42:6 to eater the shutdown mode. When DAS 420 enters the 
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active mode, it asserts a high level signal at its "Shutdown'* tenninal, allowing voltage 
regulator 426 to operate normally. 

Figure 20 also shows how electrical contacts 236 - 246 of strip connector 216 are 
connected in meter 200. Contacts 236 and 238, which are electrically connected to 
working electrode 22 and counter electrode 24, respectively, when the test strip is insated 
in strip connector 216, are connected as follows. Contact 236, for working electrode 22, 
is connected to the **FBr* terminal of DAS 420 and connected via a resistor, RFl, to the 
'Voutl" terminal of DAS 420. Contact 238, for counter electrode 24, is connected to a 
switch 428. Switch 428 allows contact 238 (and, hence, counter electrode 24) to be 
connected to ground or left in a high impedance state. Switch 428 may be digitally 
controlled by micarocontroUer 400, as shown in Figure 20. With counter electrode 24 
connected to ground, DAS 420 may use the '*Voutl" and 'TBI'* termmals to apply 
voltages to working electrode 22 (relative to counter electrode 24) and to measure the 
current through woridng electrode 22. 

Contacts 240 and 242, which are electrically connected to fill-detect anode 28 and 
flu-detect cathode 30, respectively, when the test strip is inserted in strip connector 216, 
are connected as follows. Contact 240, for fill-detect anode 28, is connected to the •TB2** 
terminal of DAS 420 and connected via a resistor, RF2, to the ''Vout2** teraiinal of DAS 
420. Contact 242, for fill-detect cathode 30, is connected to a switch 430. Switeh 430 
allows contact 242 (and, hence, fiJl-detect cathode 30) to be connected to ground or left in 
a high impedance state. Switch 430 may be digitally controlled by microcontrollOT 400, 
as shown in Figure 20. With fill-detect cathode 30 connected to ground, DAS 420 may 
use the •'Vout2** and *TB2'* tenninals to qjply voltages to fill-detect anode 28 (relative to 
fill-detect cathode 30) and to measure tiie current through fill-detect anode 28. 
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Switches 428 and 430 may be single-pole/single-thTow (SPST) switches, and they 
may be provided as an integrated circuit, such as the MAX4641, available from Maxim 
Integrated Products, Sunnyvale^ California. However, other configurations for switches 
428 and 430 could be used. 
5 Contacts 244 and 246, which are electrically connected to the auto-on conductor 

when a test strip or check strip is inserted into strip connector 216, are coimected as 
follows. Contact 246 is connected to ground or other reference potential. Contact 244 is 
connected to the "Analog Ihl" and 'Wake-upl" terminals of DAS 420 and to 
microcontroller 400. As described in more detail below, the presence of flie auto-on 

10 conductor drives the '*Wake-upl" terminal low, thereby waking up DAS 420 and causing 
it to enter an active mode. DAS 420 uses the "Analog InV* terminal to measure the 
voltage across the auto-on conductor. By virtue of its connection to contact 244, 
mic^ocontroll^ 400 is able to determine whether the auito-on conductor is present, and, 
thus, whether eithCT a test strip or check strip is connected to strip connector 216. 

15 Figure 21 shows in greater detail the functional aspects of the connections 

between meter 200 and electrodes 22, 24, 28, and 30, when the test strip is inserted in 
strip connector 216. As shown in Figure 21, DAS 420 functionally includes an amplifier 
440 for working electrode 22. and an amplifier 442 for fill-detect anode 28. More 
particularly, the output of amplifier 440 is comiected to working electrode 22, via the 

20 •'Voutl" tenninal and resistor, RFl, and the invertiag input of amplifier 440 is coimected 
to working electrode 22, via the 'TBI" tenninal. Similarly, the output of anqilifi^ 442 is 
coimected to fill-detect anode 28, via the *'Vout2" terminal and resistor, RF2, and the 
inverting input of amplifier 442 is coimected to fill-detect anode 28, via tiie *TB2'* 
terminaL 
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To generate selected analog voltages to apply to working electrode 22 and fill- 
d6t(3ct electrode 28, DAS 420 includes a &st DAC 444 and a second DAC 446, 
respectively. DAC 444 is connected to the non-inverting input of amplifier 440, and 
DAC 446 is connected to the non-inverting input of amplifier 442. In this way, amplifi^ 
440 appKes a voltage to the ^'Voutl" terminal, such that the voltage at workmg electrode 
22, as sensed at the inverting mput of amplifier 440, is essentially equal to the voltage 
generated by DAC 444, Similarly, amplifier 442 applies a voltage to the ''Vout2" 
terminal, such that the voltage at fill-detect electrode 28, as sensed at the inviting input 
of an5)lifier 442, is essentially equal to the voltage generated by DAC 446. 

To measure the currents through working electrode 22 and fill-detect imode 28, 
DAS 420 includes an ADC 448 and multiplexers (MUXes) 450 and 452. MUXes 450 
and 452 are able to select the inputs of ADC 448 fix)m among the •'Voutl," **FB1,*' 
'*Vout2," and 'TB2*' terminals. DAS 420 may also include one or more buffers and/or 
amplifiers (not shown) beUveen ADC 448 and MUXes 450 and 452. To measure the 
current througih working electrode 22, MUXes 450 and 452 connect ADC 448 to the 
••Voutl" and 'TBI" terminals to measure flie voltage across resistor, RFl, which is 
propOTtional to the current through working electrode 22. To measure the current through 
fill-detect electrode 28, MUXes 450 and 452 connect ADC 448 to the "Vout2" and •TB2" 
terminals to measure the voltage across resistor, RK, which is proportional to the current 
through fill-detect anode 28. 

As noted above, meter 200 preferably includes switches 428 and 430 that may be 
used to bring counter electrode 24 and fill-detect cathode 30, respectively, into a high 
impedance state. It is also preferable for meter 200 to be able to bring working electrode 
22 and fill-detect anode 28 into a higih impedance state as well, to a preferred 
embodiment, this may be achieved by DAS 420 being able to bring terminals '*Voutl," 
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*TB1," *'Vout2," and *TB2" into high impedance states. Accordingly, DAS 420 may 
effectively include switches 454, 456, 458, and 460, as shown in Figure 21. Although 
switches 428, 430, and 454 - 460 may be SPST switches, as shown in Figure 21, other 
types of switches, such as single pole-double throw (SPDT) switches, may be used, and 
5 the switches may be arranged in other ways, in order to provide meter 200 with the ability 
to select one pair of electrodes (eith^ the working and counter electrode pair or the fill- 
detect electrode pair) and leave the other pair of electrodes in a high impedance state. For 
example, a pair of SPDT switches may be used, with one SPDT switch selecting which of 
woiking electrode 22 and fill-detect 28 to connect to DAS 420 and the other SPDT switch 

10 selecting which of counter electrode 24 and fill-detect cathode to connect to ^und. In 
otha: cases, meter 200 may not be configured to bring all of the electrodes into high 
impedance states. For sample, in some embodiments, meter 200 may not include switch 
428, with the result that counter electrode 24 is always connected to ground when fbe test 
strip is inserted in strip connector 216. 

15 Figure 22 shows in greater detail the fimctional aspects of .the connections 

between meter 200 and the auto-on conductor when either a test strip or a check strip is 
inserted in strip comector 216. As shown in Figure 22, the auto-on conductor provides 
an effective resistance, Rautcb between contacts 244 and 246 of strip connector 216. 
Within meter 200, contact 244 is connected to the source voltage, Vcc, through an 

20 effective resistance, R^. For example, the *Wake-upl" terminal of DAS 420, to which 
contact 244 is connected, may be internally pulled up to Voc, through an effective 
resistance, Rs. Accordingly, when either a test strip or a check strip is mserted into strip 
connector 216, such that the auto-on conductor bridges contacts 244 and 246, a current 
flows through the auto-on resistor and a voltage drop develops between contacts 244 and 

25 246. The magnitude of this auto-on voltage drop dq>ends on the relative magnitudes of 
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R«ttto sad Rs. Pieferably, Rauto is choseo sufGdently low for the test sti^s and check 
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(wliich may be about 0.8 volts) used in meter 200. It is also preferable for R«,to to be 
substantially different in test strips and check strips, so that meter 200 may determine the 
strip type fix)m the auto-on voltage drop. For example, if Rs is about 500 kO, then Rauio 
may be less than about 20 0 in a test strip and may be approximately 20 kO in a check 
strip. In this way, microcontroller 400 may determine that either a test strip or check strip 
is inserted in strip connector 216 by sensing a logic low voltage at contact 244. 

DAS 420 also senses the auto-on voltage drop and uses it to wake up meter 200 
and to determine the strip type, i.e., whether a test strip or a check strip has been iuserted 
into strip comiector 216. In the case of a test strip, DAS 420 may also confirm that the 
test strip has been properly inserted into strip connector 216. 

DAS 420 may include wake-up logic 462, which senses the voltage at the /Wak©- 
upl" termmal, via one or more buffers and/or amplifiers, such as buffer 464. DAS 420 
also includes ADC 448, which can measure the voltage at the "Analog TnV* terminal, via 
one or more buffers and/or aniplifiers, such as buffer 466. Although not shown hi Figure 
22, MUXes 450 and 452 may be comiected between buffer 466 and ADC 448. 

When no strip is present in strip comiector 216, contact 244 (and, thus, the 
**Wake-upr* terminal) is at a hi^ voltage, at or near Vcc- However, when eifiier a test 
strip or a check strip is inserted in strip comiector 216, the auto-on conductor drives the 
voltage at the **Wake-upr* termmal low, as described above. Wake-up logic 462 senses 
the voltage at the 'Wake-upl" terminal going low and, in response, initiates a wake-up 
sequence to bring DAS 420 into an active mode. As part of this wake-up sequence, 
wake-up logic 462 may cause DAS 420 to assert a signal at its "Shutdown" terminal to 
turn on voltage regulator 426. Wake-up logic 462 may also cause DAS 420 to generate 
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signals to wake up microcontroller 400. For example, wake-up logic 462 may cause DAS 
420 to assert a clock signal through its "Clock Out" terminal, a reset signal througji its 
**Reset" terminal, and an interrupt signal through its *Thternxpt Out" temainal to activate 
microcontroller 400. . ^ 

5 Though not shown in Figure 22, wake-up logic 462 may also sense the voltages at 

the "Wake-up 1" and 'Wake-i5)2" terminals and, in response to a voltage at one of these 
terminals going low, may initiate a wake-up sequence similar to that described above. 

When DAS 420 entei:s the active mode, it also determines the type of strip 
inserted into strip connector 216. In particidar, ADC 448 measures the voltage at the 

10 "Analog Inl" terminal. DAS 420 then reports liie measured voltage to microcontroller 
400. Based on this information, microcontroller 400 then initiates either a test strip 
sequence or a check strip sequence, as described above. Througjbiout either sequence, 
microcontroller 400 may periodically check the voltage at contact 244 to make sure that 
the strip is still inserted in strip coimector 216, Alternatively, an interrupt may notify 

1 S microcontroller 400 of a voltage mcrease at contact 244 caused by removal of the strip. 

In this way, the auto-on voltage drop developed across the auto-on conductor 
performs several functions in meter 200. First, the auto-on voltage wakes up meter 200 
fiom a sleep mode to an active mode. Second, meter 200 determines the strip type from 
the magnitude of the auto-on voltage. Third, tbe auto-on voltage lets meter 200 know that 

20 the strip is still inserted in strip connector 216, as meter 200 proceeds with either the test 
strip or check strip sequence. 
6* Conclasion 

Preferred embodiments of the present invention have been described above. Those 
skilled in the art will understand, however, that changes and modifications may be made to 
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these embodiments without departing fi:om the tme scope and spirit of flie invention, which 
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CLAIMS 

1. A test strip for measuring glucose in a blood sample, said test strip 
comprising: 

a first insulating sheet, said first insulating sheet having a proximal end and a 
distal end, said proximal end being narrower than said distal end; 

at least four electrodes disposed on said first insulating sheet, said at least four 
electrodes including a working electrode, a counter electrode, a fill-detect anode, and a 
fill-detect cathode; 

a plurality of electrical contacts disposed on said first insulating sheet, said 
plurality of electrical contacts including a working electrode contact, a counter electrode 
contact, a fill-detect anode contact, and a fill-detect cathode contact; 

a plurality of conductive traces disposed on said first insulating sheet, said 
plurality of conductive traces electrically connecting said working electrode to said 
working electrode contact, said counter electrode to said counter electrode contact, said 
fill-detect anode to said fill-detect anode contact, said fill-detect cathode to said fill-detect 
cathode contact; 

an auto-on conductor disposed on said first iosulating sheet; 

a first dielectric layer disposed on said first insulating sheet, said first dielectric 
layer covering portions of said working electrode and said counter electrode, so as to 
define an exposed working electrode portion and an exposed counter electrode portion; 

a second dielectric layer disposed on said first dielectric layer, said second 
dielectric having a slot, said working electrode, said counter electrode, said fill-detect 
anode, and said fill-detect cathode being disposed in said slot, said slot having a proximal 
end and a distal end, said proximal end of said slot being aligned with said proximal end 
of said first insulating sheet; 
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a reagent layer disposed in said slot, said reagent layer including glucose oxidase 



. a second insulating sheet attached to said second dielectric layer, said second 
insulating sheet covering said slot except for said distal end of said slot, 
5 wherein said slot defines a sample chamber in said test strip and said distal end of 

said slot vents said sample chamber, said slot being dimensioned to draw said blood 
sample in through said proximal end of said slot by capillary action. 

2. The test strip of claim 1, wherein said counter electrode includes a first 
10 section and a second section, said working electrode being disposed on said first 

insulating sheet between said jSrst second and said second section. 

3. The test strip of claim 1, wherein said at least four electrodes are formed 
by a first conductive ink printed on said first iiisulati^ 

15 

4. The test strip of claim 3, wherein said first conductive ink contains 
graphite, 

5. The test strip of claim 4, wherein said electrical contacts^ said conductive 
20 traces, and said auto-on conductor are formed by a second conductive ink printed on said 

first insulating sheet 

6. The test strip of claim S, wherein said second conductive ink contains 

silver. 

25 
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7. The test strip of claim 1, wherein said test strip has a thick section and a 
thin section, said thick section including said proximal end, said thin section including 
said distal end, said electrical contacts and said auto-on conductor heing located in said 
thin section. 

5 

8. The test strip of claim 1, wherein said reagent layer covers said exposed 
workirig electrode portion. 

9. The test strip of claim 1, wherein said second insulating sheet is 
10 transparent 

10. A test strip for testmg a blood sample, said test strip comprising: 
a sample chamber for said blood sample; 

at least four electrodes for measuring at least one electrical characteristic of said 
15 blood sample in said sample chamber, said at least four electrodes including a working 
electrode, a counter electrode, a fill-detect anode, and a fill-detect cathode; 

a plurality of. electrical contacts electrically connected to said at least four 
electrodes; and 

at least one auto-on electrical contact electrically isolated 6om said at least four 
20 electrodes. 

11. The test strip of claim 10, fiirflier comprising: 
a reag^t layer disposed in said sample chamb^. 
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12. The test strip of claim 10, wherein said sample chamber has a first opening 
for receiving said bluod sample aixu a second Opening for veniing said sample chainber. 



13. The test strip of claim 12, wherein said sample chamber is dimensioned to 
5 draw said blood sample in through said first opening by capillary action. 

14. The test strip of claim 12, wherein said test strip has a proximal end and a 
distal end, said first opening being located at said proximal end. 

10 15. The test strip of claim 14, wherein said proximal end is narrower than said 

distal end. 

16. The test strip of claim 14, whereiia said test strip has a thick section and a 
thin section, said thin section including said proximal end. 

15 

17. The test stdp of claim 16, wherein said plurality of electrical contacts and 
said at least one auto-on electrical contact are located in said thin section. 

18. A method of making a plurality of test strips, said method comprising: 

20 forming a plurality of test strip structures on a first insulating sheet, wherein each 

test strip structure is formed by: 

(a) forming a first conductive patt^ on said first insulating sheet, said 
first conductive pattem including at least four electrodes, said at least four electrodes 
including a working electrode, a counter electrode, a fill-detect anode, and a fill-detect 

25 cathode; 

48 



wo 03/091717 PCTAJS03/12899 

(b) fonmng a second conductive pattern on said first insulating sheet, 
said second conductive pattern including a plurality of electrode contacts for said at least 
four electrodes, a plurality of conductive traces electrically connecting said at least four 
electrodes to said plurality of electrode contacts, and an auto-on conductor, 

(c) applying a first dielectric layer over portions of said working 
electrode and said counter electrode, so as to define an exposed working electrode portion 
and an exposed counter electrode portion; 

(d) applying a second dielectric layer to said first dielectric layer, said 
second dielectric layer defining a slot, said working electrode, said counter electrode, said 
fill-detect anode, and said fill-detect cathode being disposed in said slot; 

(e) forming a reagent layer in said slot, said reagent layer including 
glucose oxidase and a mediator, and 

(f) attaching a second insulating sheet to said second dielectric layer, 
such that said second insulating sheet covcsrs said slot except for a distal end of said slot; 
and 

separating said plurality of test strip structures into said plurality of test strips, 
each of said test strips having a proximal end and a distal end, with said slot extending to 
said proximal end, said proximal end being narrower than said distal end. 

19. The method of claim 18, wherein forming a first conductive pattern on 
said first iiisulating sheet comprises: 

printing a first conductive ink on said first insulating sheet, said first conductive 
ink containing graphite. 
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. 20. The method of claim 19, wherein forming a second conductive pattern on 
said second insulating sheet comprises: 

printing a second conductive ink on said second insulating sheet, said second 
conductive ink containing silver, 

21. A method of making a plurality of test strips, said method comprising: 
forming a plurality of test strip stmctures on one sheet, each of said test strip 

structures including: 

(a) a sample chamber, 

(b) a plurality of electrodes, including a working electrode, a counter 
electrode, a fill-detect anode, and a fill-detect cathode; 

(c) a plurality of electrical contacts electrically connected to said pluraUty of 
electrodes; and 

(d) at least one aiito-on electrical contact, electrically isolated from said 
plurality of electrodes; and 

separating said test strip structures into said plurality of test strips. 

22. The method of claim 21, wherein each of said test strip stmctures includes 
a reagent layer disposed in said sample chamber. 

23. The method of claim 21, wherein separating said test strip structures into 
said plurality of test strips comprises: 

punching said plurality of test strip stmctures to form a plurality of tapered test 
strip stmctures, each of said tapered test strip stmctures having a tapered section. 
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24. The method of claim 23, wherein sqparating said test strip stmctures into 
said plurality of test strips further comprises: 

slitting said plurality of tapered test strip structures into said plurality of test strips. 

5 25; A metiiod of measuring glucose in a . blood sample, said method 

comprising: 

providing a test strip, said test strip having a sample chamber, with a working 
electrode, a counter electrode, a pair of fill-detect electrodes, and a reagent layer disposed 
in said sample chamber, said reagent layer iacluding glucose oxidase and a mediator, said 
10 test strip including an auto-on conductor 

inserting said test strip into a meter, said metCT being in a sleep mode; 
said meter detecting an auto-on current through said auto-on conductor and 
responsively entering an active mode; 

said meter validating said working and counter electrodes by applying a first 
1 5 validation voltage between said working and counter electrodes; . 

said meter validating said fill-detect electrodes by applying a second validation 
voltage between said fill-detect electrodes, while said first validation voltage is apphed 
between said working and counter electrodes; 

q)plying said blood sample to sai4 sample chamber; 
20 : said meter detecting said blood sanq>le at a first location in said sample chamber 

by applying a drop-detect voltage between said working and counts electrodes and 
measuring a drop-detect currrat flowing betv^een said worldng and counter 

said meter detecting said blood sample at a second location in said sample 
chamber by applying a fill-detect voltage between said fill-detect electrodes and 
25 measuring a fiU-detect current flowing betwedisddfiU-detectele^ 
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after waiting an incubation time period, said meter dtpplying an assay voltage 

between said working and counter electrodes and maidng at least one measurement of the 

resulting current through said working electrode; and 

said meter determining a measured glucose level from said at least one current 

measurement 

26. The method of claim 25, fiirflier compnsmg: 

said auto-on current developing an auto-on voltage drop across said auto-on 
conductor; and 

said meter measuring said auto-on voltage drop* 

27. The method of claim 25, further comprising: 

said meter measuring any leakage current through said working electsx^de, while 
applying said first validation voltage between said working and counter electrodes; and 

if said leakage current exceeds a first predetermined level, said meter indicating 
an OTor condition. 

28. The method ofclaim 25, further con:q)rising: 

said meter measuring any leakage current through one of said fill-detect 
electrodeis, while ^plying saiid first validation voltage between said working and counter 
electrodes and said second validation voltage between said fill-detect electrodes; and 

if said leakage current exceeds a second predetermined level, said meter indicating 
an error condition. 

29. Theme&odofclaim25,furthOTCOriq^ 
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if said drop-detect current does not reach a drop-detect threshold value within a 
predetermined time period, said meter indicating an oror condition. 



30. The method of claim 25, further comprising: 

if said drop-detect current reaches a drop-detect threshold value within a 
predetermined tune period, said meter: 

a) switching said workmg and counter electrodes to a high impedance state 
relative to said fill-detect electrodes; 

b) starting a fill time period; and 

c) starting said incubation time period. 

3 1 . The method of claim 30, fiffther comprising: 

if said fill-detect current does not reach a fill-detect threshold value within said fill 
time period, said meter indicating an error condition. 

32. The method of claim 30, further comprising: 

if said fill-detect current reaches a fill-detect threshold value within said fill time 
period, said meter providing a user-discernible indication* 

33. A method of using a test strip to test a blood sample, said test strip 
including a sample chamber, a working electrode^ a counter electrode, a pair of fill-detect 
electrodes, and an auto-on conductor, said method comprising: 

inserting said test strip into a meter, said meter being in a sleep mode; 
said meter detecting an auto-on current through said autoon conductor aiid 
responsively entering an active mode; 
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applying said blood sample to said sample chamber; 

said meter detectine said blood samnle in kmd sarnnlft cbaimbftr hv annlvina a fill- 

^ X Tr-j o — — — 

detect voltage between said fill-detect electrodes and measuring a fill-detect current 
flowing between said fill-detect electrodes; 

said meter applying an assay voltage between said working and counter electrodes 
and making at least one measurement of the resulting current; and 

said meter determining a test result firom said at least one cunent measurement 

34. The method of claim 33, fijrfher comprising: 

said auto-on current developing an auto-on voltage drop across said auto-on 
conductor, and 

said meter measuring said auto-on voltage drop. 

35. The method of claim 33, fijrther comprising: 

if said fill-detect current reaches a fill-detect threshold value within a 
predetermined time period, said meter providing a user-discernible indication. 

36. The method of claim 33, fijrther comprising: 

said meter detecting said blood sample in said sample chamb^ by q>plying a 
drop-detect voltage between said working and counter electrodes and measuring a drop- 
detect current flowing between said working and counter electrodes. 

37. The method of claim 36, fijrdier comprising: 

if said drop-detect current reaches a drop-detect threshold value within a 
predetermined time period, said meto* starting an incubation time period 
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38. The method of claim 37, wherein said meter applies said assay voltage 
after said incubation time period. 

39. Amefhodof strip identification, said method co^^>rising: 

5 inserting a strip into a meter, said strip including an auto-on conductor, said meter 

being in a sleep mode; 

said meter detecting said strip, by detecting a current flow through said auto-on 
conductor, and responsively entering an active mode; 

said meter measuring a voltage drop across said auto-on conductor; 
1 0 said meter identifying said strip as either a test strip or a check strip based on said 

voltage drop; 

if said strip is a test strip, said meter perfoimiag a test strip sequence; and 
if said strip is a check strip, said meter performing a check strip sequence. 

15 40. The method of claim 39, wherein said meter identifies said strip as a test 

strip if said voltage drop is below a predetermined value. 

41* The method of claim 40 wherein said meter identifies said strip as a check 
strip if said voltaige drop is above ssdd predetermined value. 

20 

42. A removable data storage device for a meter, said meter measuring using 
test strips to measure glucose levels in blood sanq)les, said removable data storage device 
comprising: 

a carrier having a proximal end and a distal end, said carrier being keyed for 
25 inserting said distal end into said meter in a preferred orientatioi^ 
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a circuit board mounted to said carrier, said circuit board including a plurality of 
electrical contacts for electrically connecting to said meter, said plurality of electrical 
contacts including a ground contact and a voltage supply contact, said ground contact 
extending closer to said distal end than said voltage supply contact; and 
5 a memory mounted to said circuit board and electrically connected to said 

plurality of electrical contacts, said memory storing data for use by said meter, said data 
including at least one calibration parameter for use with at least one test strip, 

whereby when said removable data storage device is inserted into said meter in 
said preferred orientation, said ground contact becomes electrically connected to said 
1 0 meter before said voltage supply contact. 

43. The removable data storage device of claim 42, wherein said at least one 
calibration parameter corrects for temperature. 

15 44. The removable data storage device of claim 42, wherein said data 

identifies a brand of said at least one test strip. 

45. The removable data storage device of claim 42, wherein said data 
identifies a model of said meter. 

20 

46. The removable data storage device of claim 42, wherein said data 
identifies an expiration date of said at least one test strip. 

47. The removable data storage device of claim 42, wherein said data q)ecifies 
25 at least one time period duration to be used by said meter. 
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48. The removable data storage device of claim 42, wherein said data specifies 
at least one voltage to be used by said meter. 

5 49, The removable data storage device of claim 42, wherein said data specifies 

a number of current measurements to be taken by said meter. 

50. The removable data storage device of claim 49, wherein said data specifies 
an averagLQg method of said current measuremmts. 

10 

51. A meter for use in combination with a test strip for measuring a glucose 
level ia a blood sanq>le applied to a san:q)le chamber in said test strip, said test strip 
having at least four electrodes disposed in said sample chamber, said at least four 
electrodes including a working electrode, a counts electrode, and a pair of fill-detect 

15 electrodes, said test strip having a thin section and a thick section,' said thin section 

including a plurality of test strip contacts for said at least four electrodes and an aiito-on 

conductor, said meter comprising: 

a first connector for receiving said test stripy, said first connector including meter 

contacts for electrically connecting to said test strip contacts and said auto-on conductor, 
20 said first connector being sized to receive said thin section but not said thick section of 

said test strip; 

a second connector for receiviQg a removable data storage device, said removable 
data storage device storing data for use by said meter; 
aprocessor; 
25 amemory; 
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a display; 

a plurality of macbine language instructions stored in said memory and executable 
by said processor for: 

a) saving said data from said removable data storage device into said 
memory; 

b) performing a test strip sequence when said test strip is inserted in said first 
connector to obtain at least one current measurement related to said 
glucose level; 

c) determining a glucose level in said blood sample from said at least one 
current measurement and said data stored in said memory; and 

d) displaying said glucose level on said display; 

a first electrode circuit for applying at least a first voltage, selected by said 
processor, between said working and counter electrodes when said test strip is inserted in 
said first connector, said first electrode circuit including a first digital-to-analog 
converter, 

a second electrode circuit for applying at least a second voltage, selected by said 
processor, between said fill-detect electrodes when said test strip is inserted ia said first 
connector, said second electrode circuit including a second digital-to-analog converter; 

an auto-on circuit for developing an auto-on current through said auto-on 
conductor when said test strip is inserted in said first comector and for bringing said 
meter firom a sleep mode to an active mode in response to said auto-on current; and 

at least one analog-to-digital converter for measuring currents flowing between 
said working and counter electrodes and flowmg between said fill-detect electrodes and 
for measuring an auto-on voltage drop across said auto-on conductor resulting firom said 
auto-on current. 
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52. The meter ofclaim 51, wherein said test Strip sequence comprises: 
validating said working and counter electrodes by applying a first validation 

voltage between said working and counter electrodes; 

validating said fill-detect electrodes by ^plying a second validation voltage 
between said fill-detect electrodes, while said first validation voltage is applied between 
said working and counter electrodes; 

detecting said blood sample at a first location in said sample chamber by applying 
a drop-detect voltage between said working and counter electrodes and measuring a drop- 
detect current flowing between said working and counter electrodes; 

detecting said blood sample at a second location in said sample chamber by 
^plying a fill-detect voltage between said fill-detect electrodes and measuring a fill- 
detect current flowing between said fill-detect electrodes; and 

after waiting an incubation time period, applying an assay voltage between said 
working and counter electrodes and making at least one measurement of the resulting 
current flowing between said working and counter electrodes. 

53. A met^ for use in combination with a test strip, said test strip including a 
working electrode, a counter electrode, a pair of fill-detect electrodes, and an auto-on 
conductor, said meter comprising: 

a strip connector for receiving said test strip; 
a processor, 
a memory; 

a plurality of machine instructions stored in said m^ory and executable by said 
processor for performing a test strip sequence; 
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a data acquisition system, controlled by said processor, for £9)plying at least a first 
voltage between said working aad counter elccirodes and measuring any resuiiing current 
flowing between said working and counter electrodes, for applying at least a second 
voltage between said fill-detect electrodes and measuring any resulting current flowing 
between said fill-detect electrodes, and for measuring a voltage drop across auto-on 
conductor, when said test strip is inserted in said strip connector, said data acquisition 
system includiug at least one digital-to-analog converter and at least one analog-to-jdigital 
converter. 

54. The meter of claim 53, wherein said data acquisition system includes a 
wake-up circuit, said wake-up circuit detecting said auto-on conductor when said test 
strip is inserted in said strip connector and responsively bringing said data acquisition 
system fix)m a sleep mode into an active mode. 

55. The meter of claim 53, wherein said test strip sequences c6n[q)rises: 
applying an assay voltage between said working and counter electrodes and 

making at least one measurement of the resulting current flowing between said working 
and counter electrodes. 

56. The meter of claim 55, wherein said test strip sequence finrther comprises: 
detecting said blood sample in said sample chamber by applying a fill-detect 

voltage between said fill-detect electrodes and meastiring a fill-detect current flowing 
between said fiU-detect electrodes. 
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57. The meter of claim 56, wherein said test strip sequence furflier comprises:, 
detecting said blood sample at a first location in said sample chamber by applying 

a drop-detect voltage between said working and counter electrodes and measuring a drop- 
detect current flowing between said working and counter electrodes. 

5 

58. A test strip for testing a blood sample, said test strip comprising: 
a S£Qnple chamber for said blood sample; 

a vent for venting said sample chamber; 

a reagent layer disposed in said sanq>le chamber, 
10 at least four electrodes for measuring at least one electrical characteristic of said 

blood sample in said sample chamber, said at least four electrodes including a working 
electrode, a counter electrode, a fill-detect anode, and a fill-detect cathode; 

a plurality of electrical contacts electrically connected to said at least four 
electrodes; and 

15 at least one auto-on electrical contact electrically isolated fi:om said at least four 

electrodes. 

59. The test strip of claim 58, wh^ein said sample chamber has an opening for 
receiving said blood sample. 

20 

60. The test strip of claim 59, wherein said sample chamb^ is dimensioned to 
draw said blood sample in through said opening by capillary action. 



25 



61. The test strip of claim 60, wherein said test strip has a proximal end and a 
distal end, said first opening being located at said proximal ^d. 
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62. The test strip uf claim 61, wherein said proxlxnal eud i&> uarruwer than said 
distal end. 

63. The test strip of claim 58, further comprising: 

a dielectric layer haviag a slot therein, said slot defining said sample chamber. 

64. The test strip of claim 63, wherein said slot further defines said vent. 

65. The test strip of claim 64, wherein said slot has a wide portion and a 
narrow portion, said wide portion defining said sample chamber, said narrow portion 
defining said vent 

66. The test strip ofclaim 63, further, comprising: 

an adhesive layer disposed on said second dielectric layer, said adhesive layer 
having a break therein extending fix>m said slot. 

The test strip ofclaim 66, wherein $aid break in said adhesive layer defines 



67. 
said vent. 
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Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim Ko. 



A,P 

A 

A 
A 
A 
A 
A 
A 



US 6,413^13 Bl (ESSENPREIS et al.) 02 July 2002, column 1, lines 23-45, column 3, lines 
48-60 and column 4, lines 35-55. 

US 6,377,894 Bl (DEWEBSB et al.) 23 Aptfi 2002, column 2, lines 28-41, cohmm 4, lines 
27-49, column 5, lines 53-^7 and column 6. 

WO 01/73124 A2 (DAVIES et al.) 04 October 2001, whole document 
WO 01/71328 Al (RYU et al.) 27 September 2001, whole docmnenl. 
US 6,241 .862 Bl (McAleer et al.) 05 June 2001, whole document. 
US 5,989,917 A (McAleer et al.) 23 November 1999, whole document 
US 5,762,770 A (PRTTCHARD et al.) 09 June 1998, whole document 
US 5.264,103 A (YOSHIOKA et al.) 23 November 1993, whole document; 



42-57 
42-50 

1-67 
1-24, 51-67 
1-24, 58-67 

42-57 
1-24, 58-67 
1-24. 58-67 
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Box I Observations >vhere certain claims were found unsearchable (Continuation of Item 1 of first sheet) 



This interoatioiial rq)ort has not been established in respect of certain clauns under Article 17(?)(a) for the Moviiqg reasons: 
Claim Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



I I ClaunNos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meanhigfiil mtemational search can be carried out, specifically: 



3. Q Claim Nos.: 

because they are dq)endent clahns and are not drafted in accordance with the second and diird sentences of Bule 6.4(a). 



Box n Observations where unity of invention is lacking (Continuation of Item 2 of first sheet) 



This International Searching Authority found multiple inventions m this mtemational application, as follows: 
Please See Continuation Sheet 



1. ' \^ As all requhed additional search fees were thnely paid by the applicant, this international search report covers all 
searchable claims. 

As all searchable clauns could be searched without effort justifymg an additional fee, this Authority did not invite 
payment of any additional fee. 

As only some of tiie required additional search fees were timely paid by the applicant, this mtemational search r^rt 
covers only those clahns for which fees were paid, specifically clauns Nos.: 



No required additional search fees were timely paid by the i^pllcant. Consequently, this international search report is 
restricted to the uivention first mentioned ia tiie clauns; it is covered by clahns Nos.: 

Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 
No protest acconq)ani6d tiie payment of additional search fees. 
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BOX n. OBSERVATIONS WHERE VNTTY OF INVENTION IS LACKING 

This application contaiDS the fbUowing iovestioos or groups of inventions which are not so linked as to form a single genera] inventive 
concept under PCX Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid. 

Group I, c]aim(5) 1-24 and 5B-67, drawn to a test stTq> for testing a blood sample for glucose and a method for making. 

Group daim(s) 25-38, drawn to a method of measuring glucose in a blood san^le usmg both a test strip and a meter. 

Group cUhn(8) 39-41, drawn to a method of test strip identification. 

Group IV. clahn(8) 42-50» drawn to a removable data storage device for a meter. 

Group V, claim(8) 51-57, drawn to a meter for use with a test strip to measure glucose. 

The inventions listed as Groups I-V do not relate to a slQgle general inventive concqjt under PCX Rule 13. 1 because, under PCX Rule 
13 .2, they lack the same or corresponding special technical foatnres for the followmg reasons: The invention in Groi^ I indndes the 
special technical features of first and second insulating sheets, first and second dielectric byers and an adhesive layer, which the 
inventions in Groups II-V lack. The invention in Group n includes a test strip for measuring glucose, but does not have the special 
technical features of the test strip in Group I, as mentioned above. The invention in Groiq> III hicludes the special technical feature of 
determining if a test strip inserted into a meter is a test strip containing a sample or a quality control strip for calibration, whidi the 
inventions in Groins I, n, IV and V lack. The invention in Group IV includes the special technical feature of a circuit board for data 
storage on a carrier, which the inventions in Groups I, II, HI and V lack. The invention in Group V includes the special technical feature 
of measuring glucose in a test sample on a test surip using a meter having a removable data storage device, a processor, a memory, a 
display and madiine language instructions, which the inventions in Groups I, II, III and IV lack. Specifically, the invention in Group IV 
ladi:s the machine language instructions inchided in the invention of Groiq) V. The invention in Group n includes a meter for reading a 
test strip, but does not have the special technical features of the meter in Group V, such as the processor, memory and machine language 
instructions. 
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